Background: Recently, several studies have investigated the relationship between
| INTRODUC TI ON
Diffuse large B-cell lymphoma (DLBCL) is the most common subtype of non-Hodgkin lymphoma (NHL), accounting for 30%-40% of all the newly diagnosed cases.
1 Mature B-cell lymphoma is collectively the 10th most common cancer worldwide, with nearly 386,000 new diagnoses annually (2012 Cancer Research UK statistics), and of these 40% are DLBCL. In recent years, many studies have confirmed that genetic factors, especially the single nucleotide polymorphism (SNP), are closely associated with the susceptibility of DLBCL.
2-4
MicroRNAs (miRNAs) are 17 to 25-nucleotide noncoding RNAs that can modulate the expression of target genes. Accumulating evidence has shown that miRNA might play critical roles in cancer initiation and the progression processes, 5 including DLBCL. 6 MiR27a, which located at chromosome 19, has been reported to be associated with several types of cancer, such as colon cancer, 7 breast cancer, 8 gastric adenocarcinoma, 9 and pancreatic carcinoma. 10 In addition, several studies have investigated the relationship between
Pre-miR-27a rs895819 polymorphism and risk of cancer such as colorectal cancer, 11 cervical cancer, 12 and gastric cancer. 13 For example,
Sun et al showed that rs895819 A > G might affect the expression of mature miR-27a, leading to an increased level of ZBTB10, ultimately contributing to cancer risk. 14 However, the relationship between rs895819 and DLBCL has not been well known.
In this study, we aimed to assess the association of the rs895819 polymorphism with risk of DLBCL in a Chinese population and uncover the potential mechanism.
| MATERIAL S AND ME THODS

| Patients
The institutional review boards of the Nanjing Medical University approved this study. All the enrolled subjects signed an informed consent before recruitment. Briefly, a total of 409 newly diagnosed and histologically confirmed DLBCL patients were consecutively recruited from Jiangsu province between 2011 and 2012. Cases were excluded if they had medical history of other cancers. The healthy controls (477) were randomly selected from individuals who were seeking for physical examinations in the same district and were frequency-matched by age (±5 years) and sex. The controls were genetically unrelated to the cases.
| Genotyping
The genomic DNA was isolated from the lymphocyte pellets from venous blood using the RelaxGene Blood DNA System (Tiangen biotech). The genotypes of the rs895819 polymorphism were detected using the TaqMan allelic discrimination assays equipped with ABI 7900HT Real-Time Polymerase Chain Reaction (RT-PCR) System (Applied Biosystems). The negative control was the loading well without DNA. We randomly selected a minimal 10% of the samples to repeat the results, and the accordance rate was 100%. The sequence for the rs895819 probe are as follows: FAM-CAGGGTCCACGCCA-MGB, HEX-AGGGTCCACACCAA-MGB.
| qRT-PCR
Total RNA from the tissue sample was extracted using Trizol RNA isolation reagent (Invitrogen) according to the manufacturer's protocol. The expression levels of miR-27a were amplified with PCR primers (RiboBio) on the ABI 7900HT Real-Time PCR System (Applied Biosystems). Real-time PCR was performed with Power SYBR Green PCR Master Mix (Applied Biosystems Inc). All real-time reactions
were performed in triplicate.
| Cell culture and transfection
OCI-LY18 and OCI-LY19 cells were cultured in RPMI-1640 medium containing 10% fetal bovine serum (FBS) in 5% CO 2 at 37°C. All media contained penicillin (100 U mL −1 )/streptomycin (100 μg mL −1 ) (HyClone).
The miR-27a mimics and miR-27a inhibitors were synthesized by RiboBio. TGFBR1 overexpression vector containing or missing TGFBR1 3′UTR was constructed based on the pcDNA3.1.
Transfections were carried out with the Lipofectamine 2000 reagent (Invitrogen). The cells were harvested 48h after transfection.
| Analysis of cell proliferation, invasion, migration ability, and apoptosis
Cell proliferation was assessed by CCK8 assay, and the absorb- All assays were independently performed in triplicates.
| Western blot assay
Briefly, 20ug total protein was loaded in each lane and transferred to a PVDF membrane (Bio-Rad). The membrane was then blocked with 5% non-fat dried milk and incubated overnight at 4°C with TGFBR1(Abcam) and β-actin (1:2000 dilution; CMCTAG) primary antibody and incubated with horseradish peroxidase (HRP)-conjugated goat secondary antibodies for 1 hour at room temperature. Protein bands were finally visualized by enhanced chemiluminescence (ECL) and detected using the ECL Detection System (Amersham Pharmacia Biotech).
| Dual-luciferase reporter assay
Reporter plasmids were constructed based on the reporter vector psiCHECK-2 (Promega). Briefly, reporter plasmids along with miR-27a mimics or inhibitors were co-transfected into DLBCL cells using the Lipofectamine 2000 reagent (Invitrogen). After 24 hours, Firefly and Renilla Luciferase activities were measured using DualLuciferase Reporter Assay System (Promega).
| Statistical analysis
Hardy-Weinberg equilibrium (HWE) analysis was performed by comparing the observed and expected genotype frequencies using chi-square test. We evaluated the differences between cases and controls in demographic characteristics and genotype results of rs895819 by chi-square test. The association between rs895819
and risk of DLBCL was estimated using odds ratios (ORs) and 95%
confidence intervals (CIs). A two-sided P-value < .05 was considered statistically significant. All statistical analyses were performed using SAS software (version 9.1.3, SAS Institute).
| RE SULTS
| Demographic and clinical characteristics of the study subjects
The basic characteristics of cases and controls in our study are shown in Table 1 . There were no differences in the distribution of age and gender between the cases and controls (age, P = .6228; gender, P = .8528; Table 1 ). The table showed that proportion of GCB and Non-GCB of pathological type in cases was 33.5% and 66.5%, respectively. The rates of I + II and III + IV of Ann Arbor stage in cases were 45.2% and 54.8%, respectively. The rates of normal and evaluated of LDH in cases were 46.2% and 53.8%, respectively.
| Rs895819 polymorphism and DLBCL susceptibility
The genotype frequencies of rs895819 polymorphism in controls did not significantly deviate from Hardy-Weinberg equilibrium model (P = .7005, Table 2 ). We found that the rs895819 genotypes and alleles distributions were significantly associated with the risk of DLBCL (P = .0044 and 0.0016, respectively; Table 2 ). When the AA genotype used as the reference, the heterozygous genotype AG was not associated with risk of DLBCL (adjusted OR = 0.76, 95% CI = 0.57-1.00; Table 2 ), whereas the homozygous mutant GG genotype was associated with a significantly reduced risk of DLBCL (adjusted OR = 0.42, 95% CI = 0.24-0.75; Table 2 ). In addition, the dominant genetic model was also associated with a reduced risk of DLBCL when combined AG and GG genotype (adjusted OR = 0.73, 95% CI = 0.53-0.91; Table 2 ).
| Stratified analysis of rs895819 polymorphism and DLBCL risk
The association between the rs895819 polymorphism and the risk Table 3 ). 
TA B L E 1
| Rs895829 polymorphism and miR27a expression
We detected miR-27a levels in DLBCL tissues and paired normal tissues. Results showed that miR-27a levels were upregulated in DLBCL tissues compared with normal tissues ( Figure 1A) . We then evaluated the association between rs895819 genotypes and the expression levels of miR-27a. Of the 100 recruited DLBCL patients, the frequency distribution of rs895819 AA, AG, and GG was 60, 35, and 5, respectively. As shown in Figure 1B , we found the DLBCL patients carrying AG/GG genotypes showed a lower level of mature miR-27a
when compared with patients carrying AA genotype.
| Effects of miR-27a on DLBCL cell phenotypes
In order to seek the function of miR-27a in DLBCL, we then transfected miR-27a mimic and inhibitor into OCI-LY18 and OCI-LY19 cell.
As shown in Figure 2A 
| Effects of miR-27a on TGFBR1 expression
To understand the functional mechanism by which miR-27a modulates the malignant biological behavior of DLBCL cells, we then focused on identifying the direct targets of miR-27a using Targetscan database (http://www.targe tscan.org/vert_72/). We found that TGFBR1 3′UTR harbors a putative miR-27a binding site. To verify whether TGFBR1 is a bona fide target of miR-27a, the wild and mutant type TGFBR1 3′UTR were then constructed in the psiCHECK-2 vector ( Figure 3A) . The followed dual-luciferase activity assay results showed luciferase activity in those two cells were significantly inhibited after co-transfected with miR-27a-3p mimic and wild type of TGFBR1 3′UTR ( Figure 3B ,C) and increased after co-transfected with miR-27a-3p inhibitor and wild type of TGFBR1 3′UTR
( Figure 3D ,E). In addition, results from RT-qPCR and Western blot ( Figure 3F ,G) showed that both of TGFBR1 mRNA and protein levels were downregulated in cells treated with miR-27a-3p mimic and upregulated in cell treated with miR-27a-3p inhibitor. 
F I G U R E 1
Expression of miR-27a in DLBCL tissues. A, Expression of miR-27a in DLBCL tissues and normal tissues. (n = 100 each, ***P < .001, compared to control group, two-sided t tests, Error bars, SD) B, Relationship between re895819 genotypes and expression of miR-27a. (n = 60, 35, and 5, for AA, AG, and GG, respectively, ***P < .001, compared to AA genotype, two-sided t tests, Error bars, SD)
F I G U R E 2
Effects of miR-27a on DLBCL cell phenotypes. A, The expression of miR-27a after transfection with miR-27a mimic or inhibitor in DLBCL cells. (n = 3 each, **P < .01, ***P < .001, compared to NC group, one-way ANOVA, Error bars, SD). B,C, Cell migration (B) and invasion (C) assay of DLBCL cells transfection with miR-27a mimic or inhibitor. (n = 3 each, ***P < .001, compared to NC group, one-way ANOVA, Error bars, SD). D,E, Cell viability in OCI-LY18 (D) and OCI-LY19 (E) cells transfection with miR-27a mimic or inhibitor. (n = 3 each, **P < .01, ***P < .001, compared to NC group, one-way ANOVA, Error bars, SD). F,G, Cell apoptosis rate in OCI-LY18 and OCI-LY19 cells transfection with miR-27a mimic or inhibitor. (n = 3 each, ***P < .001, compared to NC group, two-sided t tests, Error bars, SD)
| TGFBR1 mediates regulation of miR-27a on DLBCL cell phenotypes
To further explore whether TGFBR1 mediates regulation of miR27a on DLBCL cell phenotypes, the TGFBR1 pcDNA3.1 expression vector contains or missing TGFBR1 3′UTR were constructed and co-transfected with miR-27a mimic, respectively. CCK-8, flow cytometry, Transwell invasion, and migration assays were then used to examine the effects of TGFBR1 on DLBCL cells proliferation, apoptosis, and invasion through TGFBR1 restore. Compared with F I G U R E 3 Effects of miR-27a on TGFBR1 regulation. A, Predicted target sites of miR-27a on TGFBR1 and the mutant sequence are shown. B,C, Relative reporter gene activity of psiCHECK-2 containing mutant or wild type TGFBR1 3′UTR co-transfected with miRNA control or miR-27a mimics in OCI-LY18 (B) and OCI-LY19 (C) cells lines. (n = 3 each, ***P < .001, c compared to NC group, two-sided t tests, Error bars, SD). D,E, Relative reporter gene activity of psiCHECK-2 containing mutant or wild type TGFBR1 3′UTR co-transfected with miRNA control or miR-27a inhibitor in OCI-LY18 (D) and OCI-LY19 (E) cells lines. (n = 3 each, **P < .01, ***P < .001, c compared to NC group, two-sided t tests, Error bars, SD). F,G, Expression of TGFBR1 mRNA (F) and Protein (G) in OCI-LY18 and OCI-LY19 lines co-transfected with miRNA control, miR-27a inhibitor or inhibitor. (n = 3 each, *** P < .001, compared to NC group, one-way ANOVA, Error bars, SD) 
| D ISCUSS I ON
In our study, we found that subjects carrying with rs895819 AG/ GG genotype had a significantly decreased risk when compared with those carrying the AA genotype. Further functional assay showed that rs895819 A > G might downregulate the expression of mature miR-27a, and leading a high level of TGFBR1, ultimately inhibiting the development of DLBCL.
It has been reported that pre-miR-27a polymorphism was associated with various tumors, such as colorectal cancer, [15] [16] [17] breast cancer, 18, 19 cervical cancer, 12 and renal cell cancer. 20 However, to the best of our knowledge, no studies are focusing on the association between the SNPs in the pre-miR-27a and DLBDL risk. In our study,
we found that rs895819 AG/GG genotypes had a significantly de- MiRNAs, one of novel posttranscriptional regulators, represent a small part of the genome, but they regulate nearly one-third of human genes. 21 Accumulating studies have shown that aberrant miRNA expressions are associated with various cancers. 22 As an important member of miRNAs family, miR-27a has been found to be involved in the development of multiple cancers by acting as an oncogene. Mertens-Talcott et al showed that the oncogenic role of miR-27a in breast cancer cells is due to the suppression of ZBTB10
and myt-1. 8 In gastric cancer, miR-27a can inhibit cancer cell growth through regulating prohibitin levels. 9 Yuan et al found that miR-27a functions as an oncogene by targeting SPRY2 and regulates the growth, colony formation and migration of pancreatic cancer cells. 10 In addition, previous study has shown miR-27a was statistically upregulated in DLBCL compared to normal germinal cells. 23 In our study, we observed that mir-27a levels were upregulated in DLBCL tissues compared with normal tissues.
Previously study showed that TGF-β signaling pathway controls different biological processes and dysregulation of its canonical members is associated with different cancer types. 24 In malignant B lymphocytes, TGF-β signaling had been reported as a tumor suppressor. 25, 26 TGFBR1, one of the receptor ligand of TGF-β, transduces the TGF-beta signaling through phosphorylating SMAD2/3 or no canonical downstream components. 27 In our study, we demonstrated that miR-27a might directly target TGFBR1 3′UTR. In addition, TGFBR1 overexpression rescues effects of miR-27a inhibitor on DLBCL cells phenotypes. Taken together, these findings indicate the oncogenic role of miR-27a/TGFBR1 axis in development of DLBCL.
In conclusion, we have shown that rs895819 A > G could reduce the expression of mature miR-27a, leading upregulating of TGFBR1, and ultimately inhibiting the development of DLBCL.
Undeniably, two limitations of this study should be addressed herein. First, only one stage case-control study was performed in this study, in which the sample size might not be large enough to achieve sufficient statistical power. Second, only a CHB population-based study was conducted in this study. Further studies with enough samples and different ethnic populations are required to confirm our findings.
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